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THE long-term effects offeeding ground nut meal containing aflatoxin to rats
have been described (Butler and Barnes, 1963). The lesionsproduced in both the
early stages and the tumours were similar to those seen with other carcinogens.
The mainpoint ofinterest was the demonstration that aflatoxin isby far the most
active hepatocareinogenic substance known.
Of the main fractions of aflatoxin whose structures are known (Asao et al.,
1963) aflatoxin B, is the most toxic to day-old ducklings (Nesbitt et al., 1962).
Althoughthe chronic effects ofaflatoxinin rats are similar to those ofotherhepato-
toxic agents this is not the case with the acute lesion produced by single doses of
aflatoxin Bil A periportal lesion develops with slow recovery so tha-t after one
month very obvious changes are stiR present in the liver. It is the purpose of
this paper to describe the acute effects ofsingle doses of aflatoxin B, in rats.
METHODS
White rats, male 100 g. and female 150 g., were given single administrations
of aflatoxin Bl. The crystallin toxin was dissolved in dimethylformazide (DMF)
(10 mg. aflatoxin B, to I ml. DMF). The solution was given either into the sto-
mach by a metal cannula or by intraperitoneal injection. Control animals were
given a similar volume ofDMF alone. The rats were fed MRC diet 41 b withwater
ad libitum.
Animals killed or dying were autopsied and the tissues fixed in 10 per cent
formol saline or Helly's fluid. Paraffin sections prepared in the usual fashion
were stained with Ehrlich's acid haematoxylin and eosin and in some cases with
P.A.S., G61nbri's reticulin, Van Gieson, Feulgen and methyl green pyronin.
Frozen sections were stained with Oil Red 0 for fat.
The LD was estimated usino, the method ofWeil (1952). In each dose range
groups of 4 animals were used.
RESULTS
Estimation ofLD50
The LD50 of aflatoxin B, to rats is shown in Table 1. The rats were kept for
4 weeks and those animals dying within that period were included in the groups.
TABLE I.-Fistimation ofLD50 Aflatoxin B, to Rats (Single Dose)
Sex Routo LD50 (mg./kg.) Fiducial limits
Male By mouth 7.2 6-35-8-23
Intraperitoneol 6.0 4.82-7.5
Female By mouth 17-9 14 -4-22 -5AFLATOXIN Bi TOXICITY IN RATS 757
Most of the deaths occurred 3-4 days after administration and rarely within the
initial 24 hours or after 7 days. No deaths occurred in the control animals given
DMF alone. The LD was also estimated in male rats weiahing 150 g. and proved 50 Z3
similar to that of the smaller rats.
For the first 2-3 days the rats lost weight and appeared in poor condition.
Those animals which died during this time had only small amounts of food in the
stomach. By 3-4days the rats were putting onweight andappeared to beeating
'd drinking normaR . The animals which died at a later time failed to show
any weight gain. Some of the animals were jaundiced after four or five days.
At autopsy the livers of male rats during the early stages were pale pink in colour
with an accentuated lobular pattern and occasional macroscopic areas of hae-
morrhage. The livers of female rats were pale yellow in colour. The lungs were
congested and haemorrhagic, bilateral adrenal haemorrhages were frequent.
Some animals autopsied a week or more after administration showed ascites and
oedema ofthe omentum. The alimentary tract wasfrequently filled with altered
blood and malaena faeces. No macroscopic ulceration could be seen. The
kidneys were uniformly pale in colour.
Some of the animals which were killed at one month showed finely nodular,
ratherpale livers but neither ascites nor oedema was seen at thisstage. The other
organs appeared normal. In the remaining male and female rats no macroscopic
alterations were found in the livers and other organs. No gross pathological
changes were seen in the control animals.
Histology
1. Male rats
Male rats given an LD50 of aflatoxin B, show the following changes in their
livers.
16-24 hours.-There is a loss of cytoplasmic basophilia in the periportal zone
of every lobule together with loss ofglycogen (Fig. 1). The usual granular pyro-
ninophilic material disappears leaving a uniform pink-staining of the cells.
Scattered throughout this zone are occasionalparenchymal censundergoinglysis. No mitoses are seen in the hepatic andkupffer cells and the nuclei appear normal.
The portal tracts are unaffected.
481ours.-There is now a well-developed peripheral zone of necrosis (Fig. 2)
with manylarge ballooned cellswhich containfat andthe remnants ofparenchymal cells with pyknotic nuclei. Histiocytes are also present with many PAS-positive cytoplasmic droplets. The remainder of the lobule shows a decrease ofglycogen but with normal nuclei and distribution of cytoplasmic RNA. No mitoses are
seen in the parenchymal cells. There is an e,arly proliferation of oval and biliary cells with a few mitoses in the small ductules. The vessels are normal and there
is no increase in connective tissue.
72 hours.-The peripheral zone of necrosis is completely replaced by histio-
cytes. There is now a welldevelopedbiliaryproliferationextending into the zone
of necrosis (Fig. 3). Many mitoses are seen in the bile ductules which are weR
formed. The persisting parenchymal cells immediately adjacent to the zone of
necrosis are laden with fat (Fig. 4). The remainder are depleted ofglycogen but
otherwise appear normal, with a few mitoses. The sinusoids and central veins
are not congested and the kupffer cells are normal.758 W. H. BUTLER
7 days.-The zone of necrosis has been nearly completely removed with only
a few clumps ofhistiocytesremaining. There is a welldevelopedbiliaryprolifera-
tion (Fig. 5) btit the cells are smaller than those seen at 72 hours, but still show a
few mitoses. The ductules radiate out from theportal tracts between and into the
lobules. There is a slight increase ofreticulin in theportal tracts. The large bile
ducts and portal vessels are normal. A few foci oflymphocytes are seen in the
portal tracts.
The lobular pattern of the liver is still present. In the peripheral zones the
parenchymal cells may be separated by bile ductules. A few mitoses are present
in the parenchymal cells but are never abundant. The nuclei of the parenchymal
cells show someirregularity ofsize while the cvto-olasm shows a normal distribution
of RNA. There is no increase in the fat of the parenchymal cells while there is
still a depletion of glycogen. The central veins are free from change.
14 days.-Thedeveloping biliaryproliferation seen at 7 days is stillprogressing
in the ductule cells(Fig. 6). These now have awell developedreticulin framework.
There is an increase ofcollagen in the main portal tracts. As at 7 days the large
bile ducts and vessels are normal. In the main portal tracts are some clumps of
lymphocytes but there is no other residual evidence of the zonal necrosis. The
normal lobularpattern is stillpresent but theperipheral trabeculae ofparenchymal
cells is somewhatirregular. The variation in nuclear size is now more marked and
only a few mitoses are seen. The kupffer cells and central veins are normal.
4 weeks.-The degree ofbiliary and oval cellproliferation seen is very variable.
In some animals about 1-1 of the liver may be replaced (Fig. 7) while in others
there is only a slight increase radiating out from the portal tracts. Often asso-
ciated with a moderatedegree ofbiliaryproliferation there is an increase of connee-
EXPLANATION OF PLATES
FIG. L-Liver of rat killed 16 hours after single dose of aflatoxin B, showing periportal deple-
tion ofglycogen. P.A.S. x 40.
FIG. 2.-Liver of rat killed 48 hours after single dose of aflatoxin B, sbowing early periportal
zone of necrosis. H. and E. x 40.
FIG. 3.-Liver of rat killed 72 hours after single dose of aflatoxin B, showing early biliarv
proliferation. H. and E. x 250.
FIG. 4.-Liver of male rat killed 72 hours after single dose of aflatoxin B, showing fat-laden
parenchymal cells adjacent to zone of necrosis. Oil red 0. x 100.
FIG. 5.-Liver of rat killed. 7 davs after single dose of aflatoxin B, showing well developed biliary proliferation. H. and P, x 100.
FIG, 6.-Liver ofrat killed 14days aftersingle dose ofaflatoxinB,showing biliarvprolii'eration.
H. and E. x 250.
F.TG. 7.-Liver of rat killed 4 weeks after single dose of aflatoxin B, showing extensive biliary
proliferation. H. and E. x 100.
FIG. 8.-Liver of rat killed 4 weeks after single dose of aflatoxin B, showing early cirrhosis.
Van Geison. x 40.
Fie.. 9.-Liver of rat killed 4 weeks after single dose of aflatoxin B, showing area ofcholangio-
fibrosis. H. and E. x 250.
FIG. IO.-Liver of rat killed 4 weeks after single dose of aflatoxin B, showing a small hype.0- plastic nodule. H. and E. x 100.
FIG. II.-Liver of rat killed 4 weeks after single dose of aflatoxin B, showing large hyper- chromatic parenchymal cell. H. and E. x 400.
FIG. 12.-Liver offemale rat killed 48 hours aftersingle dose ofaflatoxin B, showingperiportal accumulation of fat. Oil red 0. x 40.
FIG. 13.-Kidney of rat killed 4 weeks after single dose of aflatoxin B, showing large hvper- chromatic tubular cell. P.A.S. x 400.Vol. XVIII, No. 4. BRITISH JOURNAL OF CANCER.
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tive tissue extending between the lobules with resultin nodularitv of the liver
(Fig. 8). Mitoses are still present in the biliary cells. Very occasionally smaR
areas of cholangiofibrosis can be seen (Fig. 9). As noted in the previous groups
there are a few foci oflymphocytes.
The lobular pattern is somewhat distorted by the biliary proliferation and
fibrosis with some small hyperplastic nodules (Fig. 10). The parenchymal cells
show a wide variation in size with many large cells with bizarre hyperchromatic
nuclei (Fig. II). Normal mitotic figures are found in the parenchvmal cells while
the large hyperchromatic cells show occasional abnormal. Mitoses. The centri-
lobular sinusoids and kupffer cells are normal as is the central vein.
2. Female rats
The sequence of events is similar in the female except for thedevelopment of a
fatty change involving the peripheral half of the lobule (Fig. 12) which precedes
thedevelopment ofthe zonal necrosis. Thelonger-term effects ofbiliaryprolifera-
tion and appearance oflarge hyperchromatic parenchymal cells is similar to that
seen in the male.
The lowest dose administered to both male and female rats bv mouth was
3-46 mg./kg. At this level no rat died acutely. After I month the liver showed
varying degrees of biliary proliferation and large hyperchromatic parenchvmal
cells. Athigher doses the livers ofanimals which died showed extensiveperiportal
haemorrhagic necrosis which occasionally involved the whole lobule. In those
animals which died after three or more days anearly biliaryproliferation could be
seen.
The male rats givenintraperitoneal aflatoxin Bi developed similar liver lesions
to those seen after oral administration.
Other organs
Kidney.-The proximal convoluted and its descending straiaht segment show
cytoplasmic swelling andpyknotic nuclei within the first 24 hours. There is some
desquamation ofcells into the lumen ofthe tubules. Within 36-48 hours there is a
rapid regeneration of tubular epithelium when many mitoses are seen. The
glomeruli are relatively unaffected. Small petechial haemorrhages may be seen
throughout the cortex.
After a month the only change seen is in theloops ofHenle. This appearance of a few cells withlargeirregularhyperchromatic nuclei (Fig. 13) is very similar to
those seen in the liver. The glomeruli are normal and there is no evidence of
fibrosis.
Adrenals.-Within the first 24 hours there is congestion of the zona reticularis
and some change to compact cells. The remainder of the cortex and medulla
appear normal. Many animals by 48 hours show frank haemorrhage at the
reticulo-medullary junction with compact cells extending through the zona
fasciculata. Occasional mitoses may be seen in this zone. The extent and time of
onset ofthe necrosis is very variable and can be seen 4-6days after administration
of the aflatoxin. The animals which survive 4 weeks have normal adrenals.
Lungs.-During the first few days after administration of the toxin the lungs
are markedly congested with many petechial haemorrhages. At I month the,
lungs are normal.760 W. H. BUTLER
Heart.-A few animals showed a patchy necrosis of the myocardium with a
surrounding inflammatory reaction. This usually occurred during the first 4
days. At four weeks some ofthe animals show smaR areas ofmyocardial fibrosis.
Spleen.-Most animals showed a diminution ofthe whitepulp progressing over
4-5 days. Occasional rats showed some necrosis of the red pulp immediately
adjacent to the white pulp. This disappeared rapidly but resulted in a variable
degree of fibrosis. After iiitraperitoneal injection many of the spleens showed a
hyalinized perisplenitis.
Alimentary tract.-Animals dying within the first few days often had altered
blood in the whole of the small gut and melaena stool in the colon. No obvious
areas of ulceration could be seen.
Pancreas.-The acini and ducts were normal. In some animals the cells of
the islets of Langerhans had pyknotic nuclei. By a month the pancreas was
normal.
At the lowest dose level all the organs examined were normal. At the higher
levels the haemorrhages seen in the lungs, kidneys and adrenals were more exten-
sive.
DISCUSSION
Aflatoxin is very insoluble in aqueous solution and is only partially soluble in
methanol and ethanol. Although ethanol is a suitable vehicle for dosing day-old
ducklings this is not the case with rats. The volume ofethanolrequired to dissolve
up to 2 mg. ofaflatoxin is lethal to rats. The solvent selected was dimethylforma-
mide in which aflatoxin is readily soluble at least up to 20 mg. per ml. The toxi-
cology of dimethylforma-mide has been studied by Heath (1962) but at the dose
levels used, i.e. 0.1-0.2 ml. per rat no pathological changes would be expected.
Aflatoxin B, produces a periportal zone necrosis which develops slowly over a
period of 48-72 hours. Only a few substances produce a periportal necrosis, for
example, allyl alcohol and methylnitrosourethane (Schoental and Magee, 1962).
Associated with the aflatoxin-induced lesioii is a prominent biliary proliferation
which is not seen with allyl alcohol. Remarkably few animals became jaundiced
in spite of the well developed peripheral necrosis which seems to involve all the
structures within the peripheral zone.
In contrast with most other hepatotoxic agents which produce central or
periportal necrosis there is no rapid recovery. A monthfollowing a single dose of
allyl alcohol wbich will cause a peripheral necrosis the liver is essentially normal.
Following a single dose of carbon tetrachloride there is a rapid regeneration when
many mitotic figures can be seen in the parenchymal cells (Cameron and Kartinar-
atne, 1936). This rapid regeneration is not seen following aflatoxin. By four
days a few mitoses can be seen in the parenchymal cells but are never abundant.
The slow rate ofregeneration ispossibly related to thedevelopment oftheenlarged
parenchymal cell.. These can be seen within about 7 days becoming more marked
later.
After a month many of these large hyperchromatic parenchymal cells are
present. Occasional abnormal mitoses can be identified in these cells. Similar
cell types can be seenfollowing administration ofotherhepatotoxic agents such as
ethionine (Farber, 1956) and the pyrrolizidine alkaloids (Schoental and Magee,
1959). Similar cells also occur in rats fed aflatoxin in the diet. The nature of
these cells is still uncertain. It was noticed during the feeding experiments thatAFLATOXIN B, TOXICITY IN RATS 761
the large cells diminished in number after withdrawal of the toxic diet. The fate
of these cells and the subsequent development of the liver lesion seen after one
month is under investigation.
The continued biliary proliferation is most striking. Previously it has been
reported that in the day-old duckling the extensive biliary proliferation regressed
over a period of 10-14 days with rapid recovery of the parenchymal cells (Butler,
1964). It wassuggested that aflatoxinmight have a direct action upon thebiliary
epithelium and that the proliferation was a result ofthis and not secondary to the
loss of parenchymal cells as suggested by Abercrombie and Harkness (1951).
In the rat there is only a slow recovery ofparenchymal cells. Theprolonged liver
insufficiency as a result of this may result in the continued biliary proliferation.
After CC14and allyl alcohol withrapid recovery no prolonged biliary proliferation
is seen. As no evidence of biliary obstruction has been demonstrated this pro-
liferation could beexplained eitherby direct action on thebiliaryepithelium orby
a prolonged liver insufficiency.
Although aflatoxin is a hepatocarcinogen many other organs are more or less
severely affected in acute experiments. Many organs show small petechial
haemorrhages in particular the adrenals and lungs. The kidney is interesting in
that a tubular necrosis is seen within 48 hours whichregeneratesrapidly. By one
month a few large atypical tubular cell nuclei can be seen. These large cells
may be similar in behaviour to those seen in the liver. Tubular cells withatypical
features have also been described in dichlorvinyleysteine poisoning (Parker and
and Terracini, 1964).
SUMMARY
The LD50 of aflatoxin B, to male rats is estimated as 7 mg./kg. pei- as and 6
mg./kg. intraperitoneal and female rats 16 mg./kg. per os. The development of
a periportal zone of necrosis over 3-4 days is described with a marked biliary
proliferation. The lesion shows a slow recovery so that after I month the biliary
proliferation persists as wefl as many large hyperchromatic parenchymal cells.
The lesion in female rats is similar except that there is a greater accumulation of
periportal fat before to the onset ofnecrosis. Thepathologicalchanges in the other
organs are described.
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